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advance our ability to interpret the images provided
by intracoronary diagnostic techniques. The beauty
of this report is that a detailed pathological analysis
of the CN was combined with corresponding intra-
vascular ultrasound (IVUS), optical coherence tomo-
graphy (OCT), and coronary angioscopy ﬁndings. Of
note, this CN was not complicated because it was
completely covered by a continuous endothelial layer
and had no trace of any residual superﬁcial thrombus.
Interestingly, however, the inner aspect of the CN
had multiple patchy, irregular, calciﬁed areas, some
of which were associated with ﬁbrin deposition
and others showing neovascularization. As expected,
IVUS depicted a bright protruding mass with marked
posterior shadowing, the hallmark of a heavily calci-
ﬁed plaque with this technique. Surprisingly, how-
ever, on OCT, a bright protruding mass with an
irregular surface causing major dorsal shadowing was
detected. This, in turn, constitutes the hallmark of a
large “red thrombus” by this technique, as empha-
sized in all the available consensus documents on
OCT (2,3) and some dedicated original reports (4). An
adjacent image of classic superﬁcial calciﬁcation
(a dark area with sharply delineated borders without
attenuation) was also demonstrated by OCT, corre-
sponding well with the adjacent calciﬁed plaque
(bright echoes with shadow) also disclosed by
IVUS (1).
We previously suggested that some CNs may
actually induce intense dorsal shadowing that makes
the differential diagnosis difﬁcult of this elusive
clinical entity (5,6). However, this concept is still not
widely accepted (2–4). Furthermore, we have also
suggested that a complication on a superﬁcial
“nonprotruding” calciﬁed plaque may cause an
acute coronary syndrome (5). In this setting, super-
ﬁcial calciﬁcation with images suggestive of a pro-
truding red thrombus versus protruding bony
calciﬁed spicules may be unraveled by OCT (5). The
striking images provided by Hao et al. (1) showing a
close correlation between pathological and OCT
ﬁndings in a human coronary artery are instru-
mental in demonstrating that uncomplicated CNs
may actually present as irregular protruding bright
masses inducing major shadowing on OCT. Whether
similar OCT ﬁndings may be induced by CNs without
internal ﬁbrin deposition warrants further investi-
gation (1). Moreover, these pathological ﬁndings
emphasize that OCT images highly suggestive of a
red thrombus may actually emerge from uncompli-
cated nonculprit lesions. Oftentimes, a single image
generates more convincing evidence than large stu-
dies or wordy speculative expert discussions. We
need to keep learning from the never-ending
surprises that are continuously offered in the clinical
setting.
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Thrombus on Optical Coherence Tomography
We thank Dr. Alfonso and colleagues for their interest
in our vignette. Our meticulous comparison of the
intravascular imaging and histology of a calciﬁed
nodule (CN) indicates the discrepancy of these ﬁnd-
ings, particularly for the presence of a red thrombus
(1). The clinical signiﬁcance of a CN with complete
endothelial coverage is strikingly different from a
large red thrombus formation. Such a CN without
severe stenosis in nonculprit lesions may have a
benign prognosis. Coronary intervention for a fully
endothelialized CN could produce an “iatrogenic”
complicated lesion. Therefore, we should pay
The Optimal Cutoff Value
for Left Main Minimal
Lumen Area of 4.5 mm2:
A Word of Caution
We read with interest the elegant work by Park et al.
(1) assessing the optimal left main (LM) minimal
lumen area (MLA) criteria to identify hemodynami-
cally signiﬁcant stenoses. Due to the potential major
clinical implications of these ﬁndings, some relevant
issues should be addressed. First, the LM-MLA cutoff
value seems to be population dependent. A previous
U.S. study yielded a cutoff value of 5.9 mm2 (sensi-
tivity, 93%; speciﬁcity, 94%) for a fractional ﬂow
reserve (FFR) <0.75 (2). The average LM-MLA in the
patients included in these 2 studies was strikingly
different (7.6 mm2 in the U.S. study and 4.8 mm2 in
the Korean study). The most plausible explanation
for such differences appears to be ethnicity related.
Another recent study compared coronary LM lesions
between 99 white North American and 99 Asian pa-
tients (3). Again, Asian patients had a signiﬁcantly
smaller LM-MLA (5.2  1.8 mm2 vs. 6.2  1.4 mm2; p <
0.0001). Accordingly, we believe that the attempts
by Park et al. (1) to adjust for body mass index in
their series of 112 Asian-only patients cannot exclude
this important inﬂuence. Second, given the unique
prognostic implications of LM-derived ischemia, the
optimal cutoff value must show very high sensitivity
and negative predictive values. This is the case for a
cutoff value of 6 mm2 (1,2). In a previous study (4), we
found that in patients with an LM-MLA $6 mm2,
revascularization could be safely deferred. Moreover,
we suggested that in patients with LM-MLAs of 5 to
6 mm2, clinical decisions should be individualized
or, even better, informed with the FFR if feasible. In
the current study (1), the sensitivity (77%) and nega-
tive predictive value (75%) for a 4.5-mm2 cutoff value
were clearly suboptimal. Notably, among the 54 le-
sions with an LM-MLA >4.5 mm2, 13 (24.1%) had an
FFR of #0.80. We honestly believe that missing 1
in 4 patients with severe ischemia is not justiﬁed
in this challenging scenario. Third, a theoretical
LM-MLA cutoff value may be nicely derived from
fractal geometry. A study conﬁrmed that the linear
law was more exact in this regard than Murray’s law,
which largely underestimated the calculated mother
vessel diameter (5). Using the currently established
3 mm2 as the best cutoff value of MLA for the
LM branches (6), the calculated LM-MLA cutoff
value by linear law is 5.8 mm2. Fourth, the optimal
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ages and know the limitation of the diagnostic accu-
racy of optical coherence tomography (OCT) for
thrombus formation within the coronary artery tree.
A combination of imaging devices and close obser-
vation of the surrounding vessel wall could help the
interpretation of these images.
Although it is widely accepted that a CN has the
potential to develop a coronary thrombosis (2,3), the
pathogenesis and microstructure of a CN are still a
mystery. In our experience, a protruding calciﬁed
lesion of a coronary artery, which could be deﬁned as
a classic calciﬁed nodule, always shows a ﬁbrin-rich
calcium-containing nodule. The superﬁcial platelike
calciﬁcation within the intima generally contains
minimal ﬁbrin deposition. The distinct histological
features of a CN compared with nonnodular calciﬁ-
cation suggests the differential etiology for these
2 types of calciﬁcation.
Examination of ex vivo imaging and histology by
our serial autopsy cases identiﬁed tiny calciﬁed
nodules, which are exactly like the images in your
previous presentation (4). These small CNs could
interpret red luminal thrombus by OCT. We should be
mindful that an irregular protruding bright mass with
shadowing could represent a CN on OCT. Continuous
effort to compare coronary imaging and histopathol-
ogy of multifarious atherosclerotic lesions in human
coronary arteries is recommended by both the
pathologist and cardiologist.
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